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TEE SPOT WELDING OF ALCIAD 2LS-T IN THICKNESSES OF
0.06k4, 0,081, AND 0,102 INCE -

By W, ¥. Hess, R. A, Wyant, and F, J. Winsor
SUMMARY

" The, present work was undertdken to determine the spot-welding charac—
teristics of heavy gages of Alclad 24S-T gluminum alloy. The weldebility
of this alloy in thicknesses of 0.C6L4, 0.081, and 0,102 inch was investi—
gated insofer as the capacity of the machine would permit, ~The welder had
a total electrode—force cepacity of 50C0 pounds and a maximm peak-—current
output of Th killoemperes, usirg a copdenser cepacitance of 2640 microfarals,
a condenser voltage of 3000, and & traneformer—turns ratio of 450:1,

'The results of the Investigation indicate that high-strength spot
welds, free from cracks, expulsion, and excessive shest seraration were
obtained in the 0.C6l—inch material oyer e wide yange in welding current
when optimum welding conditions were used in conjunction with electrode
tips having s spherical coéntour & inches in radius. ‘

With the same tip contour, high quelity welds were obtained over a
scmevhat narrower current range in welding the 0.081—inch thickness with
optimwm ¢onditions. In order to seciwe very strong welds of good guality
in this thickness, the use of 6—inch-radius domes was required, but squip~
ment limitations prevented welding under cptimum conditions with. these
tips. The range of sheer strengths cbtained was considerably higher
then with 4~inch tips, but there was insufficient current capacity to
permlt the use of an optimum weld force and insufficient forge—force
capacity to eliminate cracks in the welds.

Spot welde made in the 0,102-inch material with Y—~inch-radius dome
tipe and with the maximum values of electrode force available in the
welding machine were unsatisfactory from the standpoint of cracking. %Yhe
veld diameters were small in proportion to the sheet thickness, and the
pepetration of fusion wes high, The use of 6—inch~radius or possibly
even larger, dome tips is also vreccmmended for this gage when mechines N
of sufficlent electrode force and current capaclty become gvailable. T
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_ INTRODUCTION

Previoua work on the spot welding of 0,020~, 0.040—, and 0.06k-inch
Alclad 245-P {reference 1) chowed that there were certain combinations of
electrode force, electrode-type contour, current wave form and forge—
force timing which permitted the production of sound welds over a wide
range in current, That investiguticn also indlcated that high-strength
welds, free from defects, could be produced over a much wider range in
welding current by using a variable-force cycle rather than a constant—
electrode force. Limitations in the current and force capacity of the
welding machine used for that investigation prevented welding the
0.064~inch material under the best conditions. With the present trend
toward increasing size in alrcraft structures, the use of heavier gages
of the. structural aluminum elioys will mount repidly. The purposs o
the present Iinvestigation, therefore, was to extend the earlier work
to thicknesses of 0,064 inch and greater. Through the cooperation of
the Tay)owbwinfie¢d Corporation & welding machine of considersbly
higher—current and elechode—force capacity was made avallable to the
laboratory for this work. =

: Thle investigation was devoted to the selection of nroper combina~
. tione of the welding veriablesz. to permit the production of high-strength
welds ‘suitable for primaery alrcraft structures over the widest possible
range in welding.current. The material used for the work was Alclad
24S-T in thicknesses of 0.06k, 0,081, and 0.102 inch., As in previows
studies, the effects of the varilables upon weld quality were observed by
plotting strength~current characteristics, In each case the average
value of the strength of - three standard shear specimens (reference 2)
was plotted as a function of the welding current. For each set of con—
ditione the current range between the values below which dud welds
occurred and above which the welds expelled was govered where possible.
Defects in the welds are indicated on these. curves, by means of appro—
priate symbols,

This investigation, copducted at the Renaselaer Polytechnic Insgti-~
tude, was sponsored by and conducted with the finencial assistance o .
the Natiqngl Advisory Committee for Asronautics.

WELDING EQUIPMENT

The welding in this investig&tion wgs. performed’ with a Taylor—
Winfield Hi-Wave condenser-discharge welder, type HWRD--36-3CCIT. This
machine was equipped with a dual-pressure system (reference 3) amd was
cepable of delivering a maximum electrode force of 5000 pounds, The ma—
chine ordinarily delivered the forge and weld forces in a constant ratio
of approximetely 2.6:1, but slight modification through the use of an
auxilisry air tank end an additional pressure regulator and gage pexmitied
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changing this ra.tio almost at w*ll For convenience, a constant forge—
te-weld force rétio is to Ve fecomiended 1n ‘producition machines..«In this
rarticular machine. the ‘manufacmrer’s choice of e. ‘ratid of 2.6:1 was found
to.Be highly satisfactory.

o -

. '-, .t..
S T . ; e

The maximum peak-current output of the velder wes 7# ‘kiloemperes wi-l-h
e. trensformer=turns ratio of ‘450:1, a cordensgey éapacitance of 2640 micro—
ferads a.nd. X cond.enser vol'bage of 3000 _

Th_s machine wasg designed. ’co *provide a. very rapid. :{ncrease in elec;trode
force from the velue used for welding to thet for forging, the time required
- for- this increase being a matier of only 8. milliseconas . A very rapid build-
up in.forge force such as this is.highly ‘essential, when welding thin-gage
ma'terials with & varisble electrdde~fcoroe- ‘cycle and a s‘teep current Wa.ve
Porm. For welding ‘heavier gages- when ‘shallower current wgve forms are-

- mBed, a‘more gyadual bulld-up ik forge.force would be satisfactory. : E’e

should. e emphasized. howsver, thet.in no case should the forge. ferce 31
start to rise before the pegk current has paesed, and it should reach 1ts
meximum before the weld has cooled suffi clently to resist plastic deforme~
tion. If the forge force is applied too:modn, .or in other words if the
time from the peak current to the -application of the maximum forge force
is too short, excessive sheet separation will result. Experience has '
shown. that meximm benefits from welding.with a varigble electrcde—force
cycle are realized only when the Fforging ig timed verj' accurately with.
respect to. the peak welding current. When seversl gages of material are :
welded.on- the- sams machine, provision should alsc be made for varying %he
forge time dslay over a wide rangs. Trese provisions of agcuracy and -
latitude  in the timing of the forge délay wers edequately. cared IOI‘ in
the clesign of the me.ehine used. for 'bhis 1nves-bige.tion. - ST TN

~ Dhe throat d.e'o'bh of ¥he machine was 36 inches, and.for 'bhis #ork &
. horn spa¢ing, frcm center to center, of 11% inches was used throughout
The latter dimensicn lncluded a fine~wire resistance s‘train gage mounted.

on''the lower electrode holder. -

’: mrmil‘lbms

The following are d.efinitions of 'berme used. :1.n ’chis report. __. N ﬂ -

We..,d. force - ’Jg‘oree on the - electrodes during the time in w’nioh
BN fusion tekes place ey

For_ge force — total electrode force. applied after the. -passage of
R .. the peak welding curren'b for the pumoee of el:lmi—
nating cracks T : _ LT

R * s . : L - [ - T . o
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Forge timing.> time in milliseconds from the start of flow of weld-
ing. current until the electrode force starts to
' rige for forging . .. :
. Averege rate of current rise — peak current divided by the time to
: _ - peak .

The tketch in figure 1 ig presented to illustrate further the sig—
nificance of these teims.

' The time from peak-current to maximum forge force, indicated in fig-
ure 1, is most significant in the proper spplicaticn of forging, It meas-—
ures the delay that must elapse from the completion of the weld, which is
apyroximately at the peak of  the welding curient, until the weld has gooled
sufficiently to avoid distortion, but not so much that the forging force
is ineffective in preventing cracks.

.

'ANALYSTS CF THU PROBLEM

. Bound spot welds in alvminum alloys are obtalned through proper

" melection of the electrode force for welding, electrode tip contour,
current magnitude and wave form, and forgs timing, if forglng 1s neces—
sary. The dsfects to be coneidered primerily are cracking, expulsionm,
excossive sheet separation, or the occurrence of dud welds due to in—
sufficient current. The tendency towarl the occurrence of cracking and
expulsion decreases; wheroas sheet separation increeses with increasing
electrode force for welding, If other welding variables are held constant.
Sherper radius tips and. steeper current wave forms increase the tendency
tovard expulsion, Too short a deley in time from the peek current to the
application of forging resulis in excessive sheet meparation, whereas

too long a delay renders the forging ineffective in eliminating cracks.

There are two types of pressure cycls in common use for the spot
welding of aluminum elloys. In one came the fusion takes place under a
constant value of electrode force, and this force is maintained wntil
the wold has ocmpletely cooled.. In the other type of oycle the fugion
also takes place at a constant electrode force, but after the weld has
been made and while it is cooling the electrode force is increased for
the purpose of ccmpensating for the shrinkage which takes place; thus
ceracks are eliminated, '

_ In spot-welding Alclad 2hS-T, sound welds free from cracks, expulsien,
and excessive gheet seperation maey be produced over a wider range in current
‘'with higher values of shear sitrength if e variable force cycle is used
rather then a constant electrode force, This ability to produce spund welds

is due to the faot that in the welding of thie alloy, cracking tengs to agcur
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""at lower values of current than expulsion. In -selecting the magnitides of
a constant electrode force, the tendéncy for crackimg in the. welds must °
be balanced against the tendency for excessive sheet separation. :With a
varieble force cycle, however, the tendency for expilsion may” ‘be balanced
ageinst the tendency for excessive sheet separation. : Cracking mey be dis—
regarded in selecting the weld force s because 1t can be prevented by proper
spplication of the forging force’, - The.lesser tendency for expulsion to
occur in the welding of Alcled 24S-T may be attributed to the gasket offect
of the soft surface cladding.

In smmerizing this d.i'sc'uesion 1t should be emphesized that the op—
timm electrode force for the welding of clad alloys, when using a vari—
able force syole, is likely to be quite different from that used with a
constant force cycle. The optimum weld force in & varieble cycle is
that which permitg the preduction of welds over the greatest possible
rangs in weiding current with freedom from expulsion end excessive sheet
‘separation, regardless of the- cecurrsnce of crackg, A forge fcrce of
sufficient magnitule, timed properly with respect to the peak current, -
is relied upon to eliminate cracks. -Use of electrode forces during weld—
ing which are lower then thé opitimvm will result in expulsion of metal
from welds of smaller size. Tlectrodo-forves higher than the optimwi~
will result in excessive .sheet geparation associated with welde of smwaller
"‘size. The optimvm weld.force varies with the materie.l thickness and. tip
contour. . _ . e S L .

In welding with a constent force 'cycle, 'the el'imineticn of cracks
usually requires a higher weld force than if forging were applied. This
higher weld force results in excessive sheet separation.which also limits
the slze of satisfactory welds that can be produced. The optinrum weld
force in a constant force.cycle; thérefore, is that force which permits
the production of welds over the greafest pcssible range in welding
current with freedem from cracks, sxpiulsion, and excessive sheet separa-
tion. The optimum weld force will be higher-and the.maximum current
range for sound welde narrower for a constant, force cycle than for e
variable force cycle, when epot—ﬂwelding alloys in which the tendency for
_ cracking is ga:-ee.ter than the tendency for expuJ sion. .

In snot we] de in most of the structural aluminum alloys the tendency -
for cracking'is more pronounged than the tendency for expulsion, although '
the difference in tendencies is somewhat greater in clad alloys than in
bare alloys.: ‘This is probably due +to. the- sealing effect of the cladding
which was mentioned. previously. In welding other slloys, such as 3S-1 /QH
525~1/2H, and 61S-T, in which the ¢racking tendency 1s equal to of less
thah the expulsion 'tendency, there is no adventage in using a verisble
forée cyele (reference 4). In welding these alloys the weld force must
be set higher to offset the increased. tendency tovard expulsion. This
may be done with less danger of excedsive sheet separation than with the
cled structural elloys. This higher weld force aspparently is sufficient
to prevent cracking below the expulsion limit. —
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_ From this analysis it should not be inferred that the use. of optimum
‘values of weld force le always required in spot—-welding aluminum alloys.

. The purpose in determining optimum weld forces is to show what ths best pos-
' 8ible resulte are for any given conditions of material thicknesse and tip

" .¢ontour., In meny iunstances, for nongtructural parts sound welds of lower
shear strength or high—strength wolds contalning small amounts of defecte
ere satisfactory. Welding equipment with insufficient electrode force and
current capacity to permit welding e given material under optimum ponditions
will, in those cases, still be adequate.

DISCUsSIbN OF RESULTS
' - 0.064~Tnch _Alolad ehs-p

In discuseing the spot ‘welding of 0. céh—inch Alclad 2hS<T it first
may be well, to consider the resulte obtail ned with thickness in reference
1 in which those results sre presented graphically in FPigurss 24 and 25.
Date on the wave form snd forge timing are shown in teble IV of the garme
reference., The results indiceted that neither a weld force of 800 pounds
‘nor of 1600 pounds, in conjunction with a forge force of 2400 pounds .
(maximum for that machine), was satisfactory for 0,064~inch Alclad 2LS-T,
using either 25— or U—inch-radius dome tips. The use of & steep wave
form wes more desirable than a shollow wave form, within certain limita~
-tions. Dome tips of h—inch radius- were Judged to be superior to the 2k—
‘inch~radine domes for the 0.064—inch meterial. The larger radius tips
permitted the production of larger welds without excesslive sheet eepara—

tion or expulsion.

The foregolng results showed that, to obtain welds of reasonable .
strength without objectionable sheet seperation and expulsion, it was.
necessary to use l—inch-radius electrodes. With these tips the available
forge force was inadequate to avoid cracking., The importance of proper
timing of the application of the forge force was also evident from the

regults mentioned.

With these facts in mind, welding condltions were selected which rye—
sulted in the characteristic curve (fig. 2). .This showsd a considerable
improvement over the results of the earlier work.. The machine ﬂettings
and chemical-surface—treatment specifications are presented in table I,
The meximum average sheer strength for rediographicelly sound welds
approached 1500 pounds, The range in peak curvent over which sound welds
from 690 pounds (Army minimum strength) to 1500 pounds were produced was
approximately 18 0CO amperes. This wes considered to be.a very satis—
factory working range. The epproximete slope of- the curve 1s 46 poundas
per kiloempere, which indicates the desireble fact that the ghear strength
was only moderately sensitive to. changes in the welding current, "
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Ralsing the weld force to a valus greater than. 1600 pounds in order
to increase the maximum obtainsble weld size before expulsion occurred
was unsuccessful. With a weld Fforce of 1800 pounds, excessivs sheet
separation {greater than 10 percent of the thickness of & single sheet)
ves introduced in the sound-weld points at the upper end of the curve. A
weld force of 1600 pounds was, 'bherefore, c¢onsidered copbimum for this thick—
ness using e. l!~inch-rre,d.ius—dome-ti;p contour. The forge force of 3600 pounds
vae gbout the minimzm thet was adequate for ‘these conditicns of tip contour
and. weld. force. ) _
. Although these results rapresentecl a considera'ble improvement over
past performances, it mey in the future be desireble to produce aven
stronger welds in this materiel. Ind.icatione sre that this can he -done
through the use of 6-~inch~radius dcme tips. The elegtrode~force and
current requirements would be expectad %o :anraase greatly under such
conditions, howsever.

In figure 3 are presented. photemicrographs of a typica.l spot weld in
0.0C6k—inch Alcled 24S-T from a eeries of welds heving an average shear
strength of 1380 pounds. The picture at a megnificetion of 10X shows the
veld to be sound and well-centered in the sheets, having a penetration of
about "5 percent in each sheet. The. nhotcmicrograph at 100X ‘shows the
'bypical equal-axis grain structure at the. center of the weld surrounded
by the columner grdins., The hest-affected zone of Incipient fusicn and
overaging is observed to be rather wide , but this is normel for this thick—
ness of material.. The protrusion of the cladding into the weld nugga'b is
corisidered normal,.

N 0. 081-Inch Alcled 24s-T

With the knowledge gained frem weld,ing the 0.064—inch thickness, an
attempt was made to select welding conditione for the 0.08l-inch gage.
The results of the conditions finally arrived at are presented in the
strength—cu*'ren*b characteristic of flaure 1l The machine settings are
shown in table II. , -

The meximum average shear strength for rad.iogra.phically sound. welda
in tHis 'bhickness of material, using these welding conditions was sbout
1700 pounds. Spot welde heving en average shear strength of 1050 :pounds
(Army minimum value) to 1700 pounds were produced over & current range
of approximately 13,000 amperes. Although satisfactory, this current |
range wes not so wide as that obtained for the 0.C64—~inch meterial. The
approximate slope of the curve is 48 pounds per kilomepere which compares
very favorably with the value of 46 pounds pér kiloampere for the O.06L—
inch materisl. Attémpts to: increase the sound-weld renge were unsuccessful
because of 'the 1n’crod.uction of excessiva sheet separa'bion. ]
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‘The only feasible method of increasing the weld size was te use
larger-radius dome' tips. The resulits obtained through the use of 6—inch—
radius dones are presented in the curve .of figure 5. The welding con—
ditions are presented in table III, Theee results indicated.that much
stronger welds could be obtained with freedom from.expulsion then was
‘péssidle with the b-inch~radiue tips. The limitation in'cu¥rent capacity
of the machine required a decresge in the weld force in order to meke -

" these larger welds. This is .the reason for the decrease from the 2000—
pound weld force for the- h—inch~radius tips to the value of 1800 pounds
“used, in-thile case. . Acotually the. weld force should have besn increased for
the larger radiue tips, and this would have been done if ‘sufficient current
capacity had been svaileble. Because the weld and forgs forces wers varied
in a constent ratlo, a decrease in the weld force necessitated a decrease
in the forge force. The forge force used, therefore, was'300. pounds less
than thé capacity of ‘the.mechine and wae sufficient to eliminate cracks
only over a very nerrow range in welding currént. A much higher forge
force than the 5000+pound meximum provided by this machine would have
been necessary to eliminate cracks in the larger weWQs. '

' "With a forge force of sufficient magnituds to eliminate the cracks,
sound welds having shear strengths up to at least 2100 pounds could be )
produced, other conditione repaining the . ‘same, In, view of “the fact
that & weld force of 2000 pounds was considered optimum for this gage
when using Y—inch-radius domes; 1t is to be expected that the value, of
1800 pounds 18 far below the .optimum for 6-inch-redius dome tips. The
. use of a weld force approaching .the optimum value, together wilth a forge
force of sufficlent magnitude :to eliminate cracks, would be éxpected to
‘reise the maximum strength for sound welds in this gage appreclably ebove
2100 pounds. .

Photcmicrographs of a typical spot weld in 0.081~inch material are
presented in figure 6, This particular weld was made with 4~inch-rediue
dome tips under the same conditions as the welds having an average shear
strength of 1440 pounde, ag shown in figure 4. The picture taken at a
magnification of 10X shows the weld to have. slightly more pensetration in
one sheet than -in the other, The weld is uniform in shape, however, snd
of mound structure. The plcture at 100X shows the typ;oal equal—-axis and
dolumnar dendritic’ zones ¢f the weld, sgain surrcunded by a wide zone of
incipient grain-boundary fusion and overaging, as was observed.in the
0.C64-inch thickness., The protrusion of ‘the, cladding 1ntc the weld
nugget is normal. : . e )

. . " 0.102-InchAlolad. ahs-'r SR -
Inasmuch a8 it had been demonstrated that the welding machine

possessed Insufficlent capacliy. to weld -the O. O&l 1nch thickness under
optiman ccnditions naing 6~inch-radius dome tipse it was coneldered
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impracticable to attempt any welding with these tips on the 0.102-inch
meteriel: The highest values of electrode force available in the welding
mechine were chosen, and L~inch-radius dome tips were émployed. The weld—
ing conditions .are shown in teble IV. The resulting strength—current
characteristic'ie presented in figure 7. Sounds welds having strengths of
from 1400 pounds to about 2000 pounds were .produced over e current range
of ebout 6000 amperes. The slope of the curve was approximately 100
pounds per kiloampere, much steeper than the curves for the 0.C64~ and
0.081—inch materiels. These welding conditicns are, of course, satis—
Tactory only for joints in which high-strength, sound welds are not
important. As-in the case of the 0.081~inch material, the production of
high—quality -welds' in-the 0.102-inch ‘bhiclmess will have to walt for weld.-—-
ing equipment of suitebie. ca.pacitv. L.

The metallcgraphic structure of a typlcal spot weld in the C. 102-:anh
thickness of Alcled, 24S~T 1ig-ghown -in figure 8. This weld was made under
the same conditions as the 2560—~pmmd. wolds' of figure 7. The photomicro—
graph- et 10X reweals -that the dlamater of this weld is rela,tivel,,r small
in proportion to -the thickness of the sheets, The cladding protrudes in—
to the nugget a consideusbie distance, and the center of the weld shows
ovidence of a.consilsrable smount of, :porosiw end cracking., The end.-
weld structure .of the. spot weld is shown in the photomicrcgraph at 100%.

g .7 comerusiows, | . T T e -
. . . - - R . X : ) - ._.

: As & result of this investigatior it may be concluded in general
thet welding machines equlpped with dual-presgure systems are eveh more
importent for the production of spot welds of ‘high quality in the heavier
geges of Alclad 24S—T than bas been reported in previous investigations
wlth lighter geges of this alloy. . The resulis of this investigation

were sublegt.to the following machine limitations' a forge force of 5000
pounds and.a.peak currant of 7k lciloamgeres , obtained with a condenser
capacitance of 2640 microfarads, a condenser voltege of 3000, end a
trénsformer—turns ratio of 450: 1. A welding machine with much higher
electrode force and current ca.paci‘by is.required in order to obtain
meximum benefits in spot-welding Alclad 24S~T in thic]messes of O. 081 inch
or grea.ter.

Electrodes of h-—inch radius are Bui'ba.ble :f:or all gages of Alclad
2hS—T from 0.020 to 0,064 'inch. - When forging is. to be applied, the
optimm electrode forge. during weld.ing, Cin pounds ; ghould be ebout 25
times the single—sheet thickness, in milse, using this tip contowr. For
geges heavier tham O0.€6l4 inch, it is desirable to use, larger—radius
electrodes. With . these tips, somewha,t highe*' slectrode forces during
welding are prefersble. ;' - . . i
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* Th)welding Alclad 24T up to 0,08L inch in thickness, 1% has beon
observed thet, when the optimum value of weld force is employed for a
* particular. thickness of material and tip con% sour, & forge force of 2. ]

times the weld force is adequate to eliminate cracks in the welds up %o

the point on the strength—current characteristic at which expulsion
starts. This ratio of forge—to-weld.force will probably also. be found
adequate for the heavier gages when suffiélent machine capaclity permits
their welding under optimum conditions. The specific conclusions of
thipg work are summarized g’ follows

~
— —

1. Sound spot welds of high strength in 0, C6h—1nch Alclad EhS-T
were produced over an extremely wide range ir welding current when
optimum,. welding conditions wers. used with h—inch~radius dome tips.
These .conditions werxe:. , _

Wold force, POUOAS « o v » o o 5 i « + 4 e e e e s s e .. 1600
Forge £orce, POURAS. o« o 4 4 o « o 3 s e s o o s« e s 4, 3600
Forge timing, milkisecondd & . ., « 4 o 4 o v o 4 o s o 4 oy » 65
Time to peek current, milligeconds . . ., . , . . . v . . ., 416

.Time from peak current to maximm forge force, milliseconds . 57
: Average rate of current rise (center of strengbth—current
characteristic), amperes-pey millisgeond , ., . ., . ., . , 3500

If higher—strength spot welds were desired in this material, they could
be procured by using 6—~inch-radius dome tips, provided the requirements
of higher electrode force and welding current were met.

2, Séund spot welds in 0.CBl-inch Alclad 24S-T were produoed over

& reasonably wide range in velding current when optimum welding con—
ditions were used with beinch~radivs dome tipe, These conditions were:

Weld force, roungg . ., . . .'. R =10014)
Forge force, poutds:. (meximuwm). ~ . , . . s « « o o o'y ,.. « 50C0
Forge timing, mil%iseccnds « « 4 o o « o 4 9 « y.0 2 s o » » 110

Time to peak current, miilisegonds . . . .

Tire frem peak current to maximum forge force, millisegonds. . 91

Aversge rate of current rise (center of strength—ourrent
characteristic), amperss per millisecond , « « » « ¢ « &+ o 2100

Spot welds of mueh higher ghear strength woere obtained 1n this thickneas
of material when 6-inch-~radius dome tips were used., The limitation in
current capacity of the machine, howé%er, réquired the use of a lower
wold force in order to obtain these larger welds, Actually, the weld
force should have been increased. for the. larger—radius tipse. Becduse
the weld and forge foroes were yvarled An a copstant ratio, -a decreass
in weld force necéssitated a decresse in forge force, 'The forge forge
used, thersfore, was 300 pounds less than the capacity of the machine

o.-oovva7-."‘

-
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end was sufficient to eliminate cracks only over a very nerrow range in
welding current. A much higher forge force than the 50C0-pound maximum
avallable would have been necessary to eliminate cracn:s in the larger
wolds,

3. Sound spot welds in 0.102-inch Alclad 24S-T were produced over
a very narrow range in welding cuvrrent with ly—ir*ch-rad.ius domes and with
the meximum elsctrode force availeble. in this machine. As was the case
with .Q.081—inch material, muck mcre satisfactory welds could have been
obtained through the use of 6~inch-radius dcme tips and a welding ma.chine
of sufficient capacity.

Welding Lebovatory
Rensgelaer Polytechnic Institute
Troy, N. Y., April 9, 1945 S b
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TABIE I.-- WELDING CONDITIONS FOR 0.064-INCH AICLAD 2Ls-T

CONDENSER~-DISCHARGE M CHITR

[Thepe conditions were optimum for this thickness and tip contour,.]
Electrcde tips . &+ . v v ¢« v 4w s v o o . h-dnch-redius domes -
Electrode force .. . . . . . . . « « . . 16C0 pounds (weld)
3600 pounds (forge)
. 300:1
. 1440 microfarads
. 2QC0, 10 2700 volts
. 65 miIliseconde
. Degreesed in trichloroethylene.
" Treated 10 minutes in hydro—-
fludeilicic acid, HzS84Fs, 3
percent by volume 5 T°F,
ringed in cold water, a ir'—dried;.

Treneformer—turne ratic ., . .
Condenser capacitance .
Condenrer voltage

Forge timing . . . .
Surface treatment .

. - . -
-

- . a L) .
.
»

[ ] » [ ] ]
.

.
e
. . =
«

TABIE II.— WELDIKG-CO@ITIGNS FCR 0.CS1~INCH LLCLAD 2is-m
CUNDENSE#R-DISCEARGE WELDER
[{These conditions were optimum for this thickness and tip contour. ]

Electrede tip8 . . . . v v v 4 « » o « . Ub-inch~radiue dcmes

Electrcde FOrce . . « . ¢« « o « » o . . 2000 pounds (weld)
5000 pounds (forge) (ma.ximznn)
Trensformer-turns ratioc . . . . 4E0:1

2040 microfarads

2200 to 2700 volts

110 milliseconds -

Degreassed in trichlorocethylens.
Treated 12 minutes in hydro—
fluoscilicle acid, HzSiF., 3
percent by volume, 75° F; rineed
in cold water; air—dried.

Condenser capacitance
Condencer voltage- ,
Forge timing . . . ,
Surface treatment .

¢« o & o 9
* o s u s
.

.

*» = & a @
v » - - L]
® s * e «

.
. .
.
.

e o et a

NATTONAL ADVISORY
CCMVTTTEE FOR AFRONAUTICS
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TABLE III.— WELDING CONbITIONS FOR O. OBl—INCH ATCLAD 24s-T
CONDENSFR—DISCEARGE WELLIER

[These conditions were not satisfactory for thig thickness and tip
contour. A weld force of 1800 pounds demended currvent require—
ments up to the meximum capacity of the machine. This weld force
is probebly at least 600 pounds below the optimum velue for this
thickness and- tip contour. ]

Electrode t1P8 o« v v ¢ o 4 « ¢t « » ¢ « . 6=inch-radius donmes -
Eleotrods £OrXceé . « v « o + % o« » +» o . 1800 pounds {weld)
: o + . k700. pounds (forge)

. I50:1

. 2640 microfaraeds (maximum)

2100 to 29C0 yolte

. 93 milliseconds

. Degreased in trichlorcethiylene.
Treated 10 minutes in hydro-
fluosilicic acid, HpSiFa, 3
rercent by volume, 75° F, rinsed
in cold water, air-dried,

Transformer-turns ratio
Condenger capacitence
Condenger voltage .,
Forge timing 0 s e
Surface treatment .

¢ a2 e« = o

LIS o - .

a & e &
.

a a2 8 @ o
.- a
-

" 4 8 s »

.
.
L
.

TABLE IV.~ WELDING CONDITICNS FOR 0.102-INCE ALCLAD 2ke-T
C ONDENSER-DISCHARGE WELIER

[These conditions are umsatisfactory for this thickness and %ip
contour, provided high-strepgth, sound welds are. desired, The
use of 6-ingh-radius tips is reccommended when machines of suffi~
clent capacity are availsble. ]

Electrode tipe'. « . v o v o v v ¢ 4 4 o 4-inch-radiuvs dcmes
Blectrode force' . : + o« « « o+ » « +» . » 2000 pounde g'weld)
- C 5000 pouvnds (forge) (meximum)

. 45011
2640 microfareds (maximum)
2300 to 2900 volts
117 milliseconds

- Degreased in trichlorcethrlene.
Treated 15 minutes In hydro-—
fluosilicic acid, HzS5{Fa, 3
percent by volume, T5° F, rinsed
in cold water, sir-dried.

Trengformer-+turns ratio
Condenser capacltance.
Condenser voltage

Forge timing . . . .
Surface treatment .

« & o 2
* a4 e o
.
a 3 = e
e » . e
'
“ s e @
-« e s &
- ¢ & =

.
L) .
» e
. L3
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Time from peak

<— - current to —
maximum forge force
)
End of rise of
forge force -~.
Force-, Forge
— forcs
I Peak
Weld current
force
Btart of rise,—\\\‘-
l | of forge force 0
Gufrent __4-Time to
—— <«—= peak current
_-+-Time to
Forge timing ——> full forge

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

Figure 1.~ Current and force relations in dual-pressure
cycle for condenser-discharge welding machine.
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Figure 3.~ Btrangth-current characteristic of Alclad 248-T. Thickness, 0.064 inch;
electrode dome-tip radius, 4 inches; electrode force, 1800 pounds (wsld),

3600 pounds (forge); forge timing, 64.7 milliseconds; average rate of current rise,
3485 amperes per millisecond.
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NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

Figure 3.~ Photomicrographs
Alclad 24S-T.
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of spot weld in 0.064-inch
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Figure 4.- Birength-current characteristic of Alclead 248-T. Thickness, 0.08l inch; electrode
dome-tip radius, 4 inches; electrode force, 2000 pounds (weld), 5000 pounds

(forge); forge timing, 110 milliseconds; average rate of current rise, 2100 amperes per
millisecond..
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Figure 5.~ Strength-current characteristic of Alclad R4S-T. Thickness, 0,081 inch; electrode
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dome-tip radius, 6 inches; electrode force, 1800 pounde (weld), 4700 pounds

(forge); forge timing, 93 milliseconds; average rate of current rise, 1935 amperes per
millisecond.
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100X

Figure 6.- Photomicrographs of spot weld in 0.08l1-inch
Alclad 248-T.
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Figure 7.- Strength-current characteristic of Alclad 348-T. Thioknese, 0.103 inoh; eleotrods

doms-tip radius, 4 inches; elestrode force, 2000 pounds (weld), 5000 pounds
(foige); forge timing, 117 milliseconds; average rate of ourrent rime, 1800 amperes per
millisecond.
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NATIONAL ADVISORY COMMITTERE
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Figure 8.- Photomicrographs of spot weld in 0.1028-inch
Alclad 248-T.
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